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FRWORD

This report was prepared by the Navy Personnel Research and Development Center
(NAVPERSRANDCEN) as part of the Navy Logistics Research and Development Program
(PE63739N, Project NR T1885) sponsored by the Deputy Chief of Naval Operations for
Logistics (OP-40B). Claimancy for the work was established through the Naval Supply Systems
Command (PML5505). The thrust of this project was to enhance the performance of naval
logistics organizations through the application of total quality management (TQM) principles and
methods.

The present work describes a model for the systematic improvement of an organization's
products or services through analysis and correction of the processes that create them. The
model is an elaboration of the method developed by Shewhart and Deming for process analysis
and improvement.

Related readings are listed in a Bibliography at the end of this report. Most of this
material was developed in connection with research projects begun in 1983 in the naval aviation
depots. More recent efforts in the shipyard community, supply centers, contracts administration
centers, and the offices of the Secretary of the Navy and the Secretary of Defense will be
documented in future publications.

The authors express appreciation for the assistance of TQM executive steering
committees and facilitators from Naval Aviation Depots, North Island and Alameda, and the
Naval Supply Center, San Diego, in the development of this model.

Questions regarding this work can be directed to Dr. Steven L. Dockstader, Navy
Personnel Research and Development Center, Code 16, San Diego, California 92152-6800,
AUTOVON 553-7967 or (619) 553-7967.

B. E. Bacon I. S. McMichael
Captain, U.S. Navy Technical Director
Commanding Officer
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SUMMARY

In an effort to improve quality and productivity, Navy industrial organizations are
adopting a management approach known as total quality management (TQM). This approach is
based on a set of management practices and statistical measures that, when combined, can
remove the causes of poor product quality and excessive cost.

The management practices and analytic methods adopted by the Navy's aviation
maintenance organizations are based primarily on the TQM concepts of W. E. Dleming. Some
of the critical concepts are:

* Quality is defined by customers' requirements.

* Top management has direct responsibility for quality improvement.

.Increased quality comes from systematic analysis and improvement of work processes.

. Quality improvement is a continuous effort and conducted throughout the organization.

The TQM approach emphasizes the major role that managers have in achieving quality
and productivity improvement for an organization. Deming and other TQM proponents, such as
Crosby and Juran, estimate that up to 85 percent of quality improvement is under direct control
of management and can not be remedied by the hourly employee or staff member.

Under the TQM approach, managers are expected to achieve quality improvements
through the use of a process improvement approach known as a "Plan-Do-Check-Act" cycle.
This approach was originally associated with the analytic work of Shewhart, a colleague of
Deming.

This report describes an approach to integrating the procedures of process improvement
with an organization made up of cross-functional teams. Specifically, the report presents how
the "Plan-Do-Check-Act" cycle developed by Shewhart and Deming has been interpreted by the
authors for use by Navy organizations.

Deming advocates teamwork, particularly across functional groups. He emphasizes two-
way communication to identify sources of quality problems and to reduce fear of change and
loss of job security. Combining these concepts with those of others such as Ishikawa and Lu as
well as Ackoff concerning cross-functional groups, Navy aviation maintenance organizations
adopted an organizational structure to complement the TQM approach in their organizations.

The structure is composed of hierarchically linked, cross-functional teams called Quality
Management Boards or QMBs. Each board contains a group of managers who are principally
responsible for a process that was targeted by top management for improvement. A QMB also
includes a member from senior management, as well as one or more subordinate-level managers
or staff with process expertise. Thus, each board is made up of three levels to increase vertical
communication and several functional departments to increase horizontal communication.

Process improvement using the "Plan-Do-Check-Act" cycle requires two kinds of
improvements: (1) those that address the occasional and unpredictable problems that occur in a
system, referred as "special causes of variation" by Deming and others; and (2) those concerned
with the system itself. The latter are referred to by the experts as "systems causes" or "common
causes of variation." In order for management to improve the system, it must first establish
system stability by removing the special causes, Because this activity depends upon "real time"
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interventions in the process, the QMBs must establish teams of workers, called "Process Action
Teams," to work on the various phases in the process.

The fundamental purpose of this report is to provide a detailed description of the roles
and activities of the QM3s and the Process Action Teams in the context of the "Plan-Do-
Check-Act" cycle. Clarification and differentiation of these roles are necessary for effective
process improvement.
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iNWRODUCTiON

Backgroued

In an effort to improve quality and productivity, Navy industrial organizations are
adopting a management approach known as total quality management (TQM). This approach is
based on a set of management practices and statistical measures that, when combined, can
remove the causes of poor product quality and excessive cost (Dockstader, Doherty, & Konoske,
in press; Houston, Shettel-Neuber, & Sheposh, 1986).

The management practices and analytic methods adopted by the Navy's aviation
maintenance organizations are based primarily on the TQM concepts of W. E. Deming (1986).
Some of the critical concepts are:

. Quality is defined by customers' requirements.

. Top management has direct responsibility for quality improvement.

* Increased quality comes from systematic analysis and improvement of work
processes.

, Quality improvement is a continuous effort and conducted throughout the
organization.

Appendix A provides a complete listing of Deming's management principles. Dockstader,
Doherty, and Konoske (in press) discuss them in depth.

The TQM approach emphasizes the major role that managers have in achieving quality
and productivity improvement for an organization. Deming and other TQM proponents such as
Crosby (1979) and Juran (1974) estimate that up to 85 percent of quality improvement is under
direct control of management and can not be remedied by the hourly employee or staff member.

Under the TQM approach, managers are expected to achieve quality improvements
through the use of a process improvement approach known as a 'Plan-Do-Check-Act" cycle (see
Figure 1). This approach was originally associated with the analytic work of Shewhart (1931), a
colleague of Deming.

This cycle is now closely associated with Deming's philosophy of quality improvement.
The cycle, as illustrated in Figure 1, describes a method which is best suited to 'off-line quality
control" where experiments are conducted. For an elaboration of that approach, see Moen and
Nolan (1987). In this technical report, ar adaptation of the cycle for "on-line' quality control is
presented (Figure 2). In this •rs~cn of the cycle, management identifies important
organizational goals during the 'Plan" phase. Activities in the "Do" and "Check' phases involve
the identification and analysis of process variables that affect achievement of the goals. During
the "Act" phase of the cycle, process corrections and improvements are made and evaluated.
Effective changes are formally instaled and the process is monitored to maintain the improved
performance. The cycle is then repeated to pursue continuous improvement.

In an effort to assist managers to understand the specific activities in the "Plpn-Do-
Check-Act" cy-,le, an elaboration of the cycle was developed by the Navy Personnel Research
and Development Center. The cycle is presented in the form of a flow chart and referred to
here as the process improeement model (PIM), and is displayed in Figure 3.
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PurpI of Report

The use of TQM principles and the *Plan-Do-Check-Act cycle in Navy industrial
organizations requires the adoption of managerial practices and responsibilities that managers
have little, if any, experience in applying.

This report has been written to serve as a *bridgew between theory and practice.
Specifically this report has three objectives: (1) to define the steps of the process improvement
model by describing specific activities associated with each step; (2) to describe roles and
responsibilities of managers and others in relation to the model; and (3) to give a brief

* overview of basic statistical process control methods.

This report is not a "how to" manual for improving product quality, but rather
documentation of one approach to process improvement that might have general applications.
The reader is encouraged to consult other writings on the subject (e.g., Moen & Nolan, 1987;
Tunner, 1987) and more technically comprehensive treatments of statistical process control
methods (A T & T, 1956; Grant & Leavenworth, 1974; Ott, 1975).

ORGANIZATIONAL STRUCTURE

The use of PIM requires cooperation and coordination of all organizational levels. The -

following organizational structure is presented as a way to manage people involved in process
improvement efforts. The structure consists of three levels: Executive Steering Committee,
Quality Management Boards, and Process Action Teams.

Executive Steering Committee

Membership

The Executive Steering Committee (ESC) represents the highest level of management and
as such is made up of a number of top managers in the organization. For naval organizations, an
ESC would probably include the commanding officer and department-level managers.

Function

The ESC identifies strategic goals for organizational quality improvement efforts. It
obtains information from customers to identify major product and service requirements. It is
through the identification of these major requirements that quality goals for the organization are
defined. After the ESC has identified customer requirements, it prioritizes and lists the
organizational goals for quality improvement. During the course of quality improvement efforts
there will be changes that require support and resources that can only be provided by top
management. The ESC is expected to ensure that these requirements are met.

After process changes have been made, the ESC is involved in determining the
effectiveness of the changes in meeting the quality needs of customers. As effective process
changes are made, the ESC provides the resources needed to standardize and document these
changes.

//j
, ,, , ... iTTfl I i ]5



Quality Management Boards

Membership

Quality Management Boards (QMBs) are permanent cross-functional teams made up of
top- and mid-level managers who are jointly responsible for a specific product or service (see
principle *9 of 'Deming's 14 Management Principles," 1986, in Appendix A). The structure of
the boards is intended to improve communication and cooperation by providing vertical and
horizontal 'links* throughout the organization (Ackoff, 1981; Dockstader, 1984).

Although the members of QMBs are expected to be permanent, the chair and the focus
of a specific QMB can shift, depending on the current product or service goal. During the
formation of QMBs, it is crucial that the members selected have the knowledge and ability to
relate the ESC's quality improvement goals to specific outputs and processes.

Function

The QMB carries out the majority of PIM activities. The QMB uses its combined
knowledge to select the organizational areas that might have the most significant impact on the
goals. The QMB works with the ESC to define indicators of quality improvement and cost
reduction.

The QMB organizes ad hoc Process Action Teams (PATs) that collect and analyze
information about work processes. As the teams perform their work, the QMB conducts

*. experiments to identify what common causes of variation appear to be most critical to process
performance. Based on these causes, the QMB makes changes designed to improve process
performance. The QMB tracks the performance of the process to determine the impact of the
changes on the selected goals.

Process Action Teams

Membership

Process Action Teams or PATs are comprised of staff and/or hourly workers involved in
the processes being investigated by the QMBs. The members of a PAT are chosen by their
respective managers on the QMBs. The primary consideration for PAT membership is that the
individuals selected be highly knowledgeable about the operations in their shop or unit.

Function

The main function of FATs is to collect and summarize process data for QMBs. A
major task of a PAT is to collect baseline information on process performance. PATs use basic
statistical process control (SPC) methods to analyze a process and identify potential areas for
improvement. It is important to note that PATs and, by extension, the entire PIM are only of
use when dealing with quality goals that can be achieved by using objective data. Such data
can be achieved by a variety of means, including expert judgments and other scaling methods.

6



PLAN PHASE (ESC/QMB RESPONSIBILITY)

The Plan phase involves identifying the critical product and service requirements of
major customers (see Figure 4). Process improvement efforts are based on these critical
customer requirements. The ESC and QMBs work together in translating customers'
requirements into appropriate goals.

A fundamental assumption of the TQM approach is that "quality* is defined by the
customer. Therefore, the selection of major quality goals must be based on the information
received from customers. During the planning phase there are several questions that should be
answerecd

"Who are our major customers?"

"Which products or services are most important to them?"

"What characteristics of these products or services could be improved?" (i.e., what are the
"true" quality characteristics? (Ishikawa & Lu, 1985)).

"What operations in the process have the greatest effect on the products or services?"

"How does the performance of these operations need to change?"

Addressing these questions aids in the development of a quality improvement plan. A
well-developed plan enables an organization to concentrate its resources on achieving maximum
quality improvements, Failure to develop a well-defined plan with specific, measurable goals
can result in wasted time, misused resources, and needless frustration. The following
paragraphs describe some of the major activities associated with the "Plan" phase under PIM.

State Goal

A goal within this context refers to some desired change in products or service.
Examples of goals could be (1) reducing processing time for customer orders, (2) increasing the
service life of a product, (3) shortening delivery time to customers, or (4) reducing the cost
charged to the customer.

While TQM is a very effective way of obtaining quality improvements, certain
conditions must be met before using the TQM methods and structure to address a goal. For
instance, goals addressed by TQM should be relevant to the mission of the organization and
measurable.

Relevant

Selected goals should reflect the potential for significant improvements in the product
or service. Avoid "so what?" goals that have little, if any, impact on the central mission of the
organization. For example, if the central mission of an organization is to repair naval aircraft,
then it is unlikely that a major quality concern would be processing travel orders for personnel.
(However, if the business is a travel agency, it may be entirely appropriate to optimize travel
processing procedures.) Whenever possible, it is best to establish goals that will provide a
direct benefit to the final customer.

7- -
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Figure 4. The "Plan' phase of the process improvement model.
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Measurable

TQM is often concerned with economically related goals and relies on SPC methods to
achieve these goals. Use of these methods requires that goals be defined so that their
achievement can be verified by data, not subjective opinion. A goal that can not be measured
in some fashion is not appropriate for the process improvement model.

Describe Proce=s Flow

In many traditional organizations, managers and employees are encouraged to specialize
in those activities and operations they perform. This emphasis has advantages, such as the
development of operational expertise, clear job responsibilities, and well-defined management
boundaries. There are potentially serious disadvantages associated with this 'departmentalizing"
of a work process, however. Some of the disadvantages include: conflict between interrelated
operations in separate departments, restriction of needed information, duplicated efforts, and
sub-optimization. Sub-optimization occurs when actions are taken to improve the performance
of an isolated operation to the detriment of related or subsequent operations.

One aid to avoid the disadvantages of a narrow process focus in a QMB is for that group
to identify major interrelated process operations and departmental responsibilities. One way of
accomplishing this is by using the flowchart method. The flowchart is a graphic method of
describing the interrelation of operations and decisions required to transform resources into
outputs (see Figure 5).

After the QMB has constructed a process flowchart, it should analyze the chart to
identify such things as duplicated efforts between operations, "gaps" in accountability, overuse
of inspection, and ways to streamline the process. Streamlining a process is sometimes known as
"imagineering." During "imagineering" the QMB constructs a flowchart of the ideal process, that
is, a depiction of a process that creates perfect products in the most efficient manner. The
comparison of the actual operations with the *imagineered" process can then be used to guide
improvement activities. Appendix B presents a series of exercises that provide practice in
developing and using a process flowchart.

Define Desired Changes In Outcomes

The achievement of quality goals will require specific changes in process performance.
A critical task of the ESC and QMBs is to identify and define these needed changes. During
the planning and other phases of PIM, there are three types of information that will be needed
to achieve and maintain quality improvements. These types of information are: outcome,
output, and process.

Outcome

This information represents the customers' evaluation of the product or service. This
information can include timeliness, price, or "fitness for use." These measures are provided by
customers external to the organization. It is information from such customers that is the basis
for defining product or service quality. If the organization's current customer information
system is considered inadequate, then different methods of obtaining information must be
developed. Failure to obtain accurate definitions of customers' requirements seriously weakens
the entire foundation of the TQM approach.

9
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Figure 5. Process flowchart.
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Output

Output information describes objective features of a product or service. This information
typically represents a comparison of critical characteristics of the final product or service with
customer-defined requirements. These requirements could address physical specifications,
degree of accuracy, manufacturing costs, or time standards. This type of information can
usually be obtained through the review of inspection or audit records.

Process

Process information describes the resources and operations required to develop a product
or service. This information can address equipment performance, condition of incoming
material, variations in work methods, or worker characteristics. In the TQM approach, this
information is gathered by individuals who work directly with the process. Process information
is collected to identify variables that have the greatest effect on the product or service.

Measures of outcome, output, and processes are used throughout the process
improvement cycle. The ESC obtains outgome information to identify major organizational
goals. The ESC and QMBs work together to relate the outcome requirements to specific process
outul. They then define how the outputs need to change. The QMBs and PATs work
together to identify the 2 variables that have the greatest effect on output quality. As
these variables are changed, output and outcome information is collected. This information is
analyzed to check progress toward the quality improvement goals.

44

-4

DO PHASE (PAT RESPONSIBILITY)

After Guality goals have been defined, the process variables related to improved quality
need to be identified. The identification of these variables is the task of Process Action Teams
(PATs). PATs consist of individuals working ol. the processes selected for improvement. In the
"Do* phase of PIM, these teams have three major responsibilities (see Figure 6). First, PATs
study the current process and its outputs to identify variables related to quality. Second, the
teams develop measures of those variables. Third, the teams create a format to collect data.

Identify Potential Causes of Quality

PATs are expected to use their experience and knowledge to identify variables that
affect output quality. Statistical methods are used by PATs to study process performance.
First, information on past performance of output characteristics is gathered. This is known as
baseline information. Second, a description of the process as it currently exists is developed. It
takes the form of an "as is" flowchart. Third, the identification of specific process variables is
accomplished through a cause-and-effect wanlysis. The following sections provide further
discussion of these steps.

Develop Baseline for Process Outputs

The first step in baseline development is to clearly define what quality characteristics of
the process output will be studied. This definition is critical to subsequent process analysis and
improvement efforts. Development of a baseline for a process output involves evaluation of the
output over a period of time. The purpose is to determine how the process performs prior to
and following any improvement efforts.

The output studied by a PAT depends on the type of process. The output of a
production process is usually a physical product, for example, automobiles, cameras, or clothing./II
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Figure 6. The 'Do" phase of the process improvement model.
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